. Of these, one study used self-report of both PA and function (Kono et al., 2007) , three used self-reported PA and an objective measurement of function (Balzi et al., 2010; Brach et al., 2004; Lang et al., 2007) , and two used self-report of function and objective measures of PA (Buman et al., 2010; Harris et al., 2009) . To the best of our knowledge, only one previous study (Gerdhem et al., 2008) has used objective assessments of both lower limb function and PA and is wholly comparable with this study in terms of data reduction methods investigating their association. It included 57 Swedish women age 80 years and examined the association of PA, (counts per minute [CPM] and moderate or vigorous intensity PA [MVPA] assessed by accelerometry) with gait speed (assessed by a 30-min walk test), muscle strength (maximal isometric knee flexion and extension) and balance (modified Romberg's test). There was no evidence of an association between PA and balance or muscle strength, but a moderate positive correlation with gait speed (r = .41, p = .002) was reported. Having objective measurements of both PA and lower limb function is important because of differential reporting bias, whereby participants who self-report (which is generally unreliable) poorer levels of function are less likely to report being active.
The aim of the current study was to add to the current scant evidence in this area, which is primarily derived from self-report data, by examining the association of objectively measured PA with objectively measured lower limb function in a population-based sample of men and women aged 70 and older. The interrelationships between time spent in different levels of intensity of PA and steps taken per day with three distinct elements of lower limb function while adjusting for potential confounders are assessed. Improved understanding of the complex relationship between PA and function through more accurate measurement could provide a basis for more precise targeting and better informed intervention design and practice (Bean et al., 2009; Pahor et al., 2006; Nelson et al., 2004) .
Method Participants
Data from the Older People and Active Living (OPAL) study were used. In brief, 1,328 adults age 70 years and older were randomly selected from the registers of 12 primary health care practices in Bristol in southwest England. These practices were selected to represent urban or suburban locations of low, medium, and high levels of deprivation of their catchment area as assessed by the Index of Multiple Deprivation (IMD; Social Disadvantage Research Centre, 2004) . This index combines information on 38 area-based economic, social, and housing indicators.
Of these, 156 were excluded because they met one or more of the study exclusion criteria (recent bereavement, terminal illness, debilitating mental illness, would have difficulty completing the study assessment, or were too ill to participate). Of the eligible 1,170, there were 725 (62%) who responded, and of these, 244 agreed to participate and gave informed consent; 240 (21% of those eligible) completed the assessment.
All data collection was carried out in the participant's home and was undertaken by trained researchers (T.T., J.C., or M. 
Assessment of PA
PA was assessed using an Actigraph GT1M accelerometer (Firmware Version 02.03.01, Software Actilife Lifestyle Monitoring System v. 3.1.3; Actigraph, Pensacola, FL), programed to record activity in 10-s time periods (epochs). Participants were asked to wear the accelerometer for 7 days, only removing it for washing, swimming, sleeping, or if they experienced discomfort. They also completed a daily activity log. Accelerometer data were reduced using the MAH/UFFE Analyzer Version 1.9.0.3 (MRC Epidemiology Unit, Cambridge, UK), set to automatically ignore long series of zero counts, classified as >100 min of zeros, which may have represented periods when the monitor was not worn Davis & Fox, 2007) . This was cross-checked with their activity log. Files that did not provide valid data (10 hr of valid recording on at least 5 days) were excluded from analysis. Of the 240 individuals recruited, 230 (96%) had useable data, with the majority (196) of these providing 7 days of valid data (6 days n = 27, 5 days n = 7). Eight participants' data were recorded without step count data.
Associations with lower limb function are presented here for three measures of PA: mean CPM per day, mean steps per day, and mean time spent in at least MVPAclassified as achieving >1,952 accelerometry CPM, using the standard threshold used in adults (Freedson, Melanson, & Sirard, 1998; Matthews et al., 2008) , corresponding to energy expenditure at an intensity of ≥3 metabolic units. MVPA accumulated in bouts of 10 min, which are considered to contribute important health gains associated with the recommended 150 min of moderately intensive PA per week, are also presented (U.S. Department of Health and Human Services, 2008) .
Assessment of Physical Function
Lower limb function was measured using the Short Physical Performance Battery (SPPB; Guralnik et al., 1994) . This includes a graded test of standing balance, walking speed and ability to rise from a chair five times. The SPPB has been shown to have excellent reliability (Ostir, Volpato, Fried, Chaves, & Guralnik, 2002) and is highly predictive of subsequent disability .
Each component of the SPPB was demonstrated to the participant to check that they were happy to attempt them. Participants were not allowed to use walking aids for the balance or chair-rise components and scored zero if they were unable to stand unassisted for both tests. Walking aids were permitted if required for the gait speed test. Balance was assessed by whether participants could hold a standing balance (feet together, side-by-side), then a semitandem position (heel of one foot against side of big toe of the other), for ≥10 s. If these were successfully performed, participants were subsequently assessed for how long they could hold a full tandem balance (feet aligned, heel to toe), with the maximum score awarded for ≥10 s. Gait speed (the time required to walk a distance of 4 m at normal pace) was assessed twice, with the faster score recorded. For 36 participants, there was no suitable space in the home, and a 3-m walk was measured then adjusted to a 4-m equivalent. The chair stand test measured the time required to perform five successive rises from a firm chair to an upright position, as fast as possible, without using the arms.
Each of the three separate test components were scored between 0 and 4, which were then added to produce a summary performance score ranging from 0 to 12. In the main analyses, SPPB was treated as a binary variable of "low" (≥6) versus "high" (>6) function based on the threshold that has previously been shown to be related to subsequent mobility disability, loss of independence, and mortality (Guralnik et al., 1994; Guralnik et al., 2000; Ostir, Markides, Black, & Goodwin, 1998) . All participants (N = 240, 100%) had valid SPPB data.
Assessment of Other Characteristics
Based on their known strong associations with both PA and function-and therefore their potential to confound the association between them-we considered age, gender, socioeconomic position, body mass index, education, smoking, history of falls, use of a walking aid, comorbidities, home circumstance, and alcohol consumption to be key confounders. Weight was measured to the nearest kilogram, in light clothing and without shoes, using a SECA medical floor scale. Standing height was measured to the nearest 0.1 cm, using a portable stadiometer.
A researcher-administered questionnaire provided information on the following: age (years), gender, education (classified as completing only primary/middle and some secondary versus completing all secondary, college, or higher education), smoking (ever or never), occurrence of a fall in the last 12 months (yes or no), use of a walking aid (yes or no), whether the participant was undergoing active treatment for a medical condition (yes or no), whether they lived alone or not, and alcohol consumption (units per week). Each participant's postcode was used to assign an area deprivation score using the IMD (Social Disadvantage Research Centre, 2004) . For ease of description of the cohort, the IMD was dichotomized. Participants were classified as high IMD (scoring ≥20.23, more deprived) or low (scoring <20.23, less deprived), using the mean IMD score as a cut point with scores ranging from 1.89 to 79.98.
Statistical Analyses
Spearman's correlation coefficients were used to examine associations between and among the three measurements of PA and three components of the SPPB. Although this study is cross-sectional and therefore cannot determine the temporal nature of the associations between PA and SPPB, PA is conceptualized as the exposure and SPPB as the outcome. Associations of each potential confounding factor with gross volume of PA are depicted across thirds of each of the PA measurements, along with a p value for the test of linear association across these thirds and one for deviation from linearity (comparing a model with the thirds entered as two indicator variables, to one with them entered as a score). The SPPB outcome is also presented by thirds of each PA measure along with the same tests. To examine the associations of potential confounding factors with SPPB, the latter was also split into thirds with the same analyses presented above. Thirds of the PA and SPPB scores were used in these analyses to examine possible nonlinear associations given the limitations of the sample size.
The principal association of each PA measurement with the main outcome of a low (≤6) SPPB was assessed using multivariable logistic regression. Since the analyses of SPPB across thirds of PA measurements suggested a nonlinear association with reduced risk of low SPPB in those in the highest two thirds of PA, all of these analyses compared those in the lowest one-third of PA to those in the highest two thirds. The first model adjusted for age and gender only and the second for all other potential confounding factors. Finally, associations of PA with the three components of SPPB (chair rise, gait speed, and balance) were examined to help understand whether any association with the overall test score was driven by associations with just one or two of the components. Because each component was scored from 0 to 4, and there is no established threshold for each of these that represents poor lower limb function, each component was treated as a five-level ordered categorical variable. Therefore, multivariable ordinal logistic regression was appropriate. The resultant odds ratios are interpreted as the (relative) increase in odds for one higher category of the outcome, comparing the lower to upper two thirds of PA. All analyses were conducted using Stata version 10.1 (Stata Corp., College Station, TX), and the multivariable analyses were performed only on those who had complete data on all variables included in any model. Table 1 shows the participant characteristics. Few (13%) had low SPPB, but very few (1%) were reaching recommended levels of at least 150 min/week of MVPA in at least 10-min duration bouts. The three components of the SPPB were positively correlated with each other (correlation coefficients all ≥.3), and the three PA variables were also strongly positively correlated with each other (correlation coefficients all ≥.9).
Results
Tables 2-4 show distributions of potential confounding factors across thirds of mean CPM per day, steps per day, and time spent in gross volume of MVPA, respectively. Patterns of associations were very similar for all three measures of PA. Together with mean age, the proportions of participants living in areas of high deprivation, with low levels of education, who were overweight or obese, having experienced a fall within the preceding 12 months, using a walking aid, or being treated for a medical condition decreased across the thirds of increasing PA. The proportion of men increased with higher thirds of PA. For all of these, the distributions changed monotonically and there was statistical evidence of linear associations, except for the proportions of men for steps per day and participants who were overweight or obese for MVPA, with no strong evidence of deviation from linearity. For falls in the previous 12 months, there was no strong statistical evidence of a linear trend, but this could be due to small numbers. For example, across thirds of mean CPM, the proportion declined from 33% to 21%. The proportion reporting high alcohol consumption appeared higher in the highest two thirds of PA compared with the lowest third, with some evidence of deviation from linearity for this factor for CPM. There was no strong statistical evidence of associations between PA and self-reported smoking or living alone. Table 5 shows distributions of potential confounders across thirds of the summary SPPB score. As well as mean age, the proportions of participants living in areas of high deprivation, with lower educational status, having fallen in the last 12 months, using a walking aid, or receiving treatment for a medical condition decreased linearly across thirds of increasing SPPB, with no strong evidence of departure from linearity. The proportion of men increased across thirds of SPPB and the proportion reporting high alcohol consumption was greatest in the middle third of SPPB. There was no strong evidence that SPPB was associated with being overweight or obese, smoking, or living alone. The association between each of the three measurements of PA and risk of low SPPB appeared nonlinear in unadjusted analyses, with those who were in the lowest one-third of PA for each measurement being more likely to have low SPPB than those in the middle or highest third (Figure 1) .
The odds of having a low SPPB score was markedly increased among those in the lowest one-third compared with the highest two thirds of each of the three measurements of PA in models adjusting just for age and gender and in those adjusting for all potential confounding factors (Table 6 ). Confidence intervals were large, reflecting the small OPAL sample size. The odds of decreasing one score for each of the three components of SPPB (chair rise, gait speed, and balance) were also greater among those in the lowest compared with the highest two thirds of each PA score. There was some suggestion that this association was stronger for the chair rise than the other two components (Table 6) .
Discussion
In this community-dwelling cohort of men and women over the age of 70 years, we found that few had low levels of lower limb function, but also that very few met recommended levels of PA. Importantly, we have shown a strong cross-sectional association between PA and lower limb function; those in the lowest one third of the PA distribution, compared with those in the highest two thirds, had markedly increased odds of having a low SPPB score. This group of older adults was possibly at a transitional stage of their lives in terms of their PA and function. The majority were high-functioning yet were low-active individuals, possibly at risk for future declining function based on their current low levels of PA and, in turn, therefore threatening their health and functional Note. CPM = counts per minute; PA = physical activity; IMD = Index of Multiple Deprivation; BMI = body mass index. The results in each of the 2nd to 4th columns are N (%) for all variables except age which is presented as M (SD). a Testing the null hypothesis that the % (or mean for each) of each variable in the first column changes monotonically (linearly) across thirds of CPM, steps per day, MVPA, and SPPB score. b Testing the null hypothesis that a model in which CPM, steps per day, MVPA, and SPPB score are entered as categorical variables (two indicator variables) and fit the data better than one in which they are entered as a linear score. Note. PA = physical activity; IMD = Index of Multiple Deprivation; BMI = body mass index. The results in each of the 2nd to 4th columns are n (%) for all variables except age which is presented as M (SD). a Testing the null hypothesis that the % (or mean for each) of each variable in the first column changes monotonically (linearly) across thirds of CPM, steps per day, MVPA, and SPPB score. b Testing the null hypothesis that a model in which CPM, steps per day, MVPA, and SPPB score are entered as categorical variables (two indicator variables) and fit the data better than one in which they are entered as a linear score. Note. PA = physical activity; IMD = Index of Multiple Deprivation; BMI = body mass index. The results in each of the 2nd to 4th columns are N (%) for all variables except age which is presented as M (SD). a Testing the null hypothesis that the % (or mean for each) of each variable in the first column changes monotonically (linearly) across thirds of CPM, steps per day, MVPA, and SPPB score. b Testing the null hypothesis that a model in which CPM, steps per day, MVPA, and SPPB score are entered as categorical variables (two indicator variables) and fit the data better than one in which they are entered as a linear score. Note. PA = physical activity; IMD = Index of Multiple Deprivation; BMI = body mass index. The results in each of the 2nd to 4th columns are N (%) for all variables except age which is presented as M (SD). a Testing the null hypothesis that the % (or mean for each) of each variable in the first column changes monotonically (linearly) across thirds of CPM, steps per day, MVPA, and SPPB score. b Testing the null hypothesis that a model in which CPM, steps per day, MVPA, and SPPB score are entered as categorical variables (two indicator variables) and fit the data better than one in which they are entered as a linear score.
independence. Slowing down or preventing functional decline in these high-functioning yet low-active older people may confer important health benefits. Most previous studies investigating PA and function have used self-report measures of PA or lower limb function (Balzi et al., 2010; Brach et al., 2004; Buman et al., 2010; Harris et al., 2009; Kono et al., 2007; Lang et al., 2007) . These studies suggest a positive association between PA and lower limb function supporting the findings of our study. However, we have identified only one previous study (Gerdhem et al., 2008) where the associations were examined using objective measurements of both PA (using identical data reduction methods) and lower limb function. In that study, PA was reported as not being associated with balance or lower limb muscle strength, but positively associated with gait speed. This contrasts with our findings, in which we found positive associations with all three dimensions of lower limb function (balance, chair rise-a measure of lower limb muscle strength, and gait speed), as well as with the overall combined test score. Our study is considerably larger (N > 200), and it is possible that the reported lack of association with balance and muscle strength in that study (N = 57) could be explained by limited statistical power. The Gerdhem et al. (2008) study also included women only, and so it is possible that there are gender differences in these associations; however, we investigated this possibility and found no evidence that associations differed between women and men, albeit with limited power to detect such differential effects (data not shown).
Three randomized controlled trials in the United States have been reported, where self-reported sedentary and functionally impaired (objectively measured) adults ≥65 years participated in center-based (Bean et al., 2009 [N = 138] and Pahor et al., 2006 [N = 424] ) and home-based (Nelson et al., 2004 [N = 70] ) exercise programs. Follow-up measures varied between 4 (Bean et al., 2009 ), 6 (Nelson et al., 2004 and 24 months (Rejeski et al., 2009) , and all demonstrated improvements in objective lower limb function scores. In addition, a meta-analysis (Gu & Conn, 2008) examined the impact of 19 interventions of varying dose and exercise type on functional performance in adults age ≥65 years. Measurements included individuals' ability to carry out simple tasks replicating activities of daily living (ADL), specific measures of ADL, and measures of physical performance. A positive effect was reported for functional and physical performance, but no statistical evidence of an impact for ADL was found. Using objective measures to examine both PA and lower limb function as we have done in this study, as well as identifying characteristics underpinning this association, will help in the refinement of future interventions.
Considering the evidence described and linking with previously presented OPAL study findings related to the relationship between trips made from home and better levels of function Stathi et al., 2012) , there may be a possible link with local neighborhood factors, such as access to amenities and shops and opportunities for PA. This raises the question of whether and Human Services, 2008) highlight the importance of twice-weekly muscle strengthening activities for older people. We are currently performing a 3-year followup of these participants to gain insight into the role of daily activity in the prevention of functional decline, to inform further development of interventions to help limit declining function. Interventions based in local neighborhoods may offer an alternative approach to center-based programs, utilizing accessible amenities such as green spaces or shopping destinations.
Study Strengths and Limitations
This is the largest study to date to examine the association of PA with lower limb function using objective measurements of both. Furthermore, we have been able to adjust for a wide range of potential confounding factors. A key limitation is that, like all previous publications of this association in older individuals, the current study is crosssectional. Therefore, we cannot assume that decreased PA leads to reduced lower limb function. It is possible that age-related declines in lower limb function also occur and result in reduced ability to remain physically active. Thus, there is an urgent need for prospective studies in this population. The initial response rate in this study was 21%, and it is possible that this resulted in selection bias. However, because we used objective measurements of both exposure and outcome, we will have reduced this risk, as participants would not have been aware of their PA level or SPPB score at the time they were measured. For our results to be markedly biased by nonparticipation, we would have to assume that the associations were null, or in the opposite direction in those who were eligible but did not participate; we cannot think of any particular reason why that would be the case. We appreciate that cut points used are very tentative, and further research is necessary to identify appropriate methods of setting cut points for MVPA in older adults. Lastly, although we have measured and adjusted for a wide range of potentially confounding factors, we cannot exclude residual confounding as a potential explanation for the findings.
Public Health Implications of Our Findings
Lower limb function is associated with reduced ability to complete activities of daily living and increased risk of chronic diseases and loss of independence. Therefore, where possible, functional decline should clearly be prevented. Low levels of activity in the older population suggest that there is scope for improvement in function through increased activity. Our cross-sectional data provide objective evidence for a relationship between PA and lower limb function in a diverse sample of adults over the age of 70 years, as well as identifying factors underpinning the relationship. It would appear that Tudor-Locke et al., 2011) . However, even small increases in daily activity are likely to yield some health benefit. Interventions targeting those least active may improve low levels of function, as well as preserving and preventing a decline in function in those in transition (that is, high-functioning yet low-active individuals). This study provides the initial step in our understanding of how we can prevent or slow down older adults' independence-to-dependence transition. Future interventions aimed at those least active, as well as targeting subgroups of older people (such as less affluent, older females, those with increased BMI, and those who rely on mobility aids), may be most effective at addressing poor or declining levels of lower limb function.
